Figure 7 A terrain surface at various grid resolutions from 2x2 to 32x32.
After the wire frame views, we can realize the rendering phase which includes: hidden line,
coloured, and shaded. Next figure 8 illustrates two steps of this process.

Figure 8 The phase of rendering to generate a landscape.
Zair and Tosan (1996; 1997) proposed an interesting model for fractal curves and surfaces. This
method combines two classical models: an fractal model (IFS attractors) and Computer Aided
Geometric Design model (CAGD) [24; 25].
The IFS (Iterated Function Systems) model generates a geometrical shape or an image with an
iterative process [4].
An IFS — based modeling system is defined by a triple (X, d, S) where:

(X, d) is a complete metric space, X is called iteration space;

S is a semigroup acting on points of X such that: X T X where T is a contractive

operator, S is called iteration semigroup.
This method permit to reconstruct smooth surfaces, and not only rough surfaces. Figure 10
shows the experiment realized by Guérin at al. (2002) on a natural surface [11]. The original
surface is has been extracted from a geological database (found at the United States Geological
Survey Home page, http: // www. usgs.org). Terrains and mountains are only a part of the
landscape. To generate a complete virtual landscape it is necessary to create the plants and the
trees. We can use L-Systems (studied by Aristid Lindenmayer).  L-System is a set of string
rewriting rules which takes an initial string of characters called he axiom and on every iteration
replaces each of the characters in the string by other strings called production rules. For example
consider the axiom string: F+F+F+F and the single production rule F-->F+F-F-FF+F+F-F. Now
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if some characters are giving geometric meaning then the string can be drawn. Using these
geometric meanings for the symbols an example of an axiom, production rule, and the resulting
string after a few iterations, is a well known fractal curve which has a fractal dimension

Original Approximation
Figure 10 Geological surface

between 1 and 2 (for example the van Koch snowflake, space filling curves such as the Hilbert
and Peano curves, the dragon curve, as well as kolam patterns).

Recent usage of L-Systems is for the creation of realistic looking objects that occur in nature and
in particular the branching structure of plants. One of the important characteristics of L-Systems
is that only a small amount of information is required to represent very complex objects. Using
suitably designed L-System algorithms it is possible to design the L-System production rule that
will create a particular class of plant. Figure 11 shows some plants generated using L-Systems.

Figure 11 Some plants generated using a L-System.
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Another way to realize, in Computer Graphics, the plants and the trees is to use Iterated Function
Systems. This approach, applying all the transformations to the entire picture, is called the
Deterministic Algorithm for generating fractals. Iterated function systems are described by
repeatedly computing terms in two series, one series describes the x coordinate and the other
series the y coordinate. The equations describe translation, scaling, rotation, and shearing of
points in a plane with the restriction that the transformations are "affine”. Figure 12 shows a
fractals fern generated using lterated Function Systems.

Figure 12 A fractal fern.

5. CONCLUSIONS

We can apply the mathematics point of views in different disciplines. For example, in the arts, in
architecture, in design [1, 6, 7, 8, 12, 15, 23]. In our investigation we have presented an
approach where mathematics and fractal geometry play a central role to describe the territory and
the landscapes.

Mandelbrot presented one of the curiosities of fractal terrain: fractal terrain look like fractal
terrain even when you turn them upside down [14]. Statistical parameters are equal in both
cases. This property is typical for geologically new landscapes in nature. Moreover; the fractal
techniques [2, 3, 10, 14, 19], provide only visual approximation of real terrains. This is almost
never the case in nature, where depressions in the landscape fill up with all manners of
detriment. This causes the landscape to be smoother over the ages of geologic time. Terrain is
eroded by water, by particles of sand and crannied from influence of temperature amplitudes.
Moreover; most of the terrains are also influenced by human factors. Majority of the natural
influences are reflected as a kind of erosion. This problem has been presented for example by
Fournier et al. (1982), Musgrave et al. (1989), Peitgen & Saupe (1988), and Marak et al. (1997).
Mandelbrot also pointed out in 1988 [19]: "The most basic defect of fractal landscapes - the fact
that this landscapes do not include the river network™. The rivers represent another kind of
erosion in the same way as rain, temperature, wind, and time. This problem has been addressed
for instance in Kelley et al. (1988), and Prusinkiewicz & Hammel (1993) [13, 21].

Considering the criterion of terrain erosion, techniques for generation of eroded terrain models
can be divided into two classes. The first class of algorithms generates eroded terrain [10, 13,
19, 20, 21] The second group describes erosion of any terrain [16, 18], regardless whether the
data representing the terrain was obtained with some artificial technique or real data was used.
The erosion algorithm run on real data (e.g. obtained from satellite photos) can be considered as
a simulation and therefore provides practical results useful in the Geographical Information
Systems (GIS), and in ecology.

Most frequently terrain model is defined as height field. Regular height field is defined as two
dimensional array of altitude values where the distance between rows and columns is constant.
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We have also observed that fractal geometry can help to explain the Natural shapes and the
Landscapes (e.g., coastlines, stones, trees) but we have to define a limit between natural and
virtual environment [17].
This paper is only an attempt to describe some applications of Mathematics in the studies of
territory and landscapes. We are in agreement with Galileo that has emphasized the powerful of
mathematics (1623): "Philosophy is written in this grand book - | mean universe - which stands
continuously open to our gaze, but which cannot be understood unless one first learns to
comprehend the language in which it is written. It is written in the language of mathematics, and
its characters are triangles, circles and other geometric figures, without which it is humanly
impossible to understand a single word of it; without these, one is wandering about in a dark
labyrinth."
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